Introduction
The plant name Salvia (sage) comes from the Latin word salvare, which means healer.
1 Salvia species have 
Results and discussion
The antioxidant potential of extracts of S. fruticosa was investigated by 6 complementary test assays including determination of total phenolic and flavonoid content, DPPH free radical scavenging, β -carotene bleaching, superoxide anion radical scavenging, ferric reducing power, and cupric reducing antioxidant capacity (CUPRAC).
The total phenolic and flavonoid contents were determined as pyrocatechol and quercetin equivalents, respectively. The crude methanol extract of S. fruticosa is fairly rich in phenolic compounds (80.96%), probably due to its phenolic abietane diterpenes, because it was not found to be rich in flavonoids (17.57%) or other phenolics.
At 100 µ g/mL concentration, the crude methanol extract exhibited high DPPH free radical scavenging activity (93.46%) ( Table 2 ) and high lipid peroxidation inhibitory activity (90.44%) in the β -carotene-linoleic acid assay (Table 3 ). The methanol extract also exhibited a higher metal chelating property (40.36%) than the standard compound quercetin (30.35%) at 100 µ g/mL. The methanol extract exhibited very strong superoxide anion radical scavenging activity with >80% inhibition at the 4 concentrations tested (12.5, 25, 50 , and 100 µ g/mL). At 100 µ M/mL concentration, it exhibited an inhibition of 96.13 ± 1.22%, surpassing the standards quercetin (94.16 ± 1.42) and ascorbic acid (71.67 ± 2.13). The ferric reducing power of the methanol extract and CUPRAC were found to be moderate, when determined at 4 concentrations (5, 10, 25, and 50 µ g/mL).
The results at 50 µ M/mL were 0.65 ± 0.01 (standard BHT = 1.22 ± 0.00) and 2.46 ± 0.01 (standard BHT = 3.91 ± 0.01), respectively. Since S. officinalis has been used as memory enhancer against cerebral ischemia, depression, and related memory disorders in Europe, in the present study, S. fruticosa extracts were further investigated for their anticholinesterase potential against both enzymes and exhibited high inhibition values against AChE (90.70 ± 1.00) and BChE (99.09 ± 3.00) at 100 µ g/mL (Tables 4 and 5 ). The hexane extract of galls showed fairly strong inhibition, particularly against BChE (82.89 ± 2.29) at 100 µg/mL. In contrast, the essential oil exhibited better inhibition against AChE (73.52 ± 0.65) at 100 µ g/mL. 35 ursolic acid, oleanolic acid, and erythrodiol; the steroid 3-acetylsitosterol; and the flavonoid salvigenin were obtained from the whole plant, collected from Gökova Bay, Mugla. Their structures were elucidated based on spectral analyses, particularly by 1D-and 2D NMR experiments and mass spectroscopic techniques. Although the 7 diterpenoids isolated were known compounds, they were obtained from S. fruticosa for the first time, except for carnosol. The essential oil of the dried aerial parts was also investigated by GC and GC-MS analyses and a monoterpene, 1,8-cineol (eucalyptol), was found to be an abundant constituent of the oil (58.89%). The monoterpenes α -pinene (5.62%), β -pinene (5.22%), β -myrcene (5.24%), camphor (4.48%), and α -terpineol (3.02%) and the sesquiterpene trans-β -caryophyllene (4.17%) were other major constituents of the oil (Table 1) . A biogenetic pathway was postulated by Luis et al. 36 for the formation of highly oxidized abietane diterpenoids in the species of Salvia. It should be considered that enzymatic dehydrogenation and singlet oxygen play key roles ( Figure 2 ). The co-occurrence of these diterpenoids in S. columbariae supports this biogenetic pathway, which seems to create a defense mechanism in the genus against the potential damage caused by highly reactive species of oxygen. 36 According to this postulation, plant NAD + enzyme will first lead to the formation of 6,7-didehydro carnosic acid, and then subsequent ether formation with a 4-membered ring in carnosic acid to afford rosmadial, and the oxidation of the latter compound will finally give isorosmanol. In the present study, isolation of 4 abietanes (carnosic acid, 6,7-didehydrocarnosic acid, rosmadial, and isorosmanol) from S. fruticosa verifies their hypothetical formation, as seen in Figure 2 .
The main triterpenoids of Salvia species, oleanolic acid and ursolic acid, were isolated in a previous study 20 as well as in the present study along with 3-acetylsitosterol and α -amyryltetracosanoate. The latter was found in a Salvia species for the first time. Both compounds exhibited weak-moderate anticholinesterase activity against both enzymes (Tables 4 and 5 ). In fact, oleanolic and ursolic acids showed better anticholinesterase activity, especially against AChE, with inhibition % values 77.26 ± 0.59 and 75.87 ± 0.92, respectively, at 100 µ M (Table 4) .
As a result, the diterpenoids isolated from Anatolian S. fruticosa were found to be very similar to or the same as those previously obtained from S. officinalis, 37 possibly due to their morphological similarity, belonging to the same subsection of the genus Salvia. However, this chemical similarity was not observed for the constituents of S. tomentosa, 38 even though it also belongs to the same subsection.
Thus, the anticholinesterase activity results verified the folkloric use of S. fruticosa in the Mediterranean region as a neuroprotective and memory enhancing plant, and the higher anticholinesterase activity of methanol extract of S. fruticosa rather than its constituents indicated the synergistic effect of the whole plant. Furthermore, the apples' hexane extract should be considered a potential anticholinesterase agent, particularly against BChE, with the essential oil active particularly against AChE, and it can be concluded that whole plant of S. fruticosa is a potential anticholinesterase agent in the treatment of Alzheimer disease. 
Plant material
Salvia fruticosa Mill. was collected from the Akyaka side of Gökova Bay (Mugla, southwestern Turkey) in 2009 and identified by Assoc Prof Dr Tuncay Dirmenci. A voucher specimen was deposited in the special collection of T. Dirmenci.
Extraction, fractionation, and isolation
The whole plant of S. fruticosa (400 g) was macerated with methanol. The methanol extract (2 g) was mixed with water (MeOH/H 2 O) (60:40) and was partitioned with hexane and subsequently with dichloromethane (CH 2 Cl 2 ). The hexane extract (490 mg) was fractionated on a silica gel column, and 60 fractions were collected.
Similar fractions were combined to obtain in total 11 fractions. Carnosol (1), carnosic acid (2), carnosic acid 12-methyl ether (3), rosmadial (4), and ferruginol (6); the labdane diterpenoid manool (7); the triterpenoids α -amyryltetracosanoate (8), ursolic acid, oleanolic acid, and erythrodiol; the steroid 3-acetylsitosterol; and the flavonoid salvigenin were obtained from the hexane extract while isorosmanol (5) was not. Salvigenin was obtained from fraction 3 and α -amyryltetracosanoate from fraction 6 (8) and purified from a solvent system (CH 2 Cl 2 /acetone) (90:10). From the main fraction 4, ferruginol (6) and manool (7) were obtained during elution by hexane/CH 2 Cl 2 (50:50). Fraction 5 was purified on prep. silica gel TLC plates using MeOH/H 2 O (85/15) to afford 4 subfractions, and then erythrodiol was obtained from subfraction 4. One of the main fractions (fraction 8) was fractionated into 9 subfractions on a Si-gel flash column eluting with hexane and increasing amount of CH 2 Cl 2 . Following 100% CH 2 Cl 2 , acetone was added, and then ferruginol (6) was obtained during elution with CH 2 Cl 2 :acetone (95:5). The known triterpenoids oleanolic and ursolic acids were obtained from the same column, and subsequently ferruginol.
The dichloromethane part (1350 mg) was fractionated on a silica gel column and 15 fractions were obtained. From fraction 2, isorosmanol (5) was obtained during elution with CH 2 Cl 2 /acetone (97.5:2.5), and was purified by prep. TLC from the same system (×3).
Isolation of the essential oil
The essential oil of the dried aerial parts (excluding galls) of S. fruticosa (250 g) was obtained via hydrodistillation by using a Clevenger-type apparatus for 4 h. The oil obtained (1.6 g) was dried over anhydrous sodium sulfate and stored under nitrogen at -20 • C until required.
Preparation of the hexane extract of the galls (apples) and methyl derivatization
The galls (apples) of S. fruticosa (10 g) were dried, powdered, and extracted with 10 mL of hexane (4 × 24 h) at room temperature. After filtration, the solvent was evaporated to dryness in vacuum to give 0.5 g of crude extract. The hexane extract (100 mg) was dissolved in 0.5 M NaOH (2 mL) in a 25-mL flask, and the flask was heated at 50
• C in a water bath. After the addition of 2 mL of BF 3 :MeOH reactive, the mixture was boiled for 2 min, and then left until it cooled down. Then flask was filled to 25 mL with saturated NaCl solution. The esters were extracted with n -hexane; thus, the organic layer was separated. The hexane layer was washed with a potassium bicarbonate solution (4 mL, 2%) and dried over anhydrous Na 2 SO 4 and filtered. The organic solvent was removed under reduced pressure on a rotary evaporator to give methyl esters. Then the derivative was analyzed by GC and GC-MS. The galls afforded fatty acids, composed mainly of oleic acid (29%), palmitoleic acid (29%), stearic acid (23.20%), and linoleic acid (17.40%), while myristic acid (0.12%), palmitic acid (0.12%), and arachidonic acid (1.16%) were present in smaller amounts. According to these results, the total saturated oils' percentage was 24.59% and the total unsaturated oils' percentage was 75.41%.
Gas chromatography (GC) analysis
GC analyses of the essential oil and fatty acid profile were performed using a Shimadzu GC-17 AAF, V3, 230V series gas chromatograph equipped with a FID and a DB-1 fused silica capillary column ( 
Gas chromatography-mass spectrometry (GC-MS) analysis
GC-MS analyses of the essential oil and fatty acid profile were performed using a Varian Saturn 2100T (E. 39 Whenever possible, co-injection was performed with authentic compounds.
Determination of total phenolic content
The concentrations of the phenolic content in the methanol extract were expressed as micrograms of pyrocatechol equivalents (PEs). 40 The concentration of phenolic compounds was calculated according to the following equation, obtained from the standard pyrocatechol graphic:
Determination of total flavonoid content
The measurement of the flavonoid concentration was based on the standard method with a slight modification and the results were expressed as quercetin equivalents. 40 The concentration of flavonoid compounds was calculated according to the following equation: Absorbance = 0.0665 quercetin (µ g) + 0.0157 (R 2 = 0.9972).
DPPH free radical scavenging activity
The free radical scavenging activity of the samples was determined by the DPPH assay. 
Determination of the antioxidant activity with the β -carotene bleaching method
The antioxidant activity was established by using β -carotene-linoleic acid test system. 
Superoxide anion radical scavenging activity
Measurement of superoxide anion radical scavenging activity of the samples was based on the standard method with slight modification. 
Ferric reducing power
The ferric reducing power of the samples was determined according to the iron(III) reductive assay. 
Cupric reducing antioxidant capacity (CUPRAC)
The CUPRAC of the samples was determined according to the standard method. 
Metal chelating
The chelating activity on Fe 2+ was measured as reported. 40 The extracts were added to a solution of 2 mM FeCl 2 (0.1 mL). The reaction was initiated by the addition of 5 mM ferrozine (0.2 mL). The mixture was shaken vigorously and left standing at room temperature for 10 min. After the mixture reached equilibrium, the absorbance was determined at 562 nm. The results were given as percentage inhibition. 
Anticholinesterase activity
AChE and BChE inhibitory activities were established by slightly modifying the spectrophotometric Ellman method. 
Statistical analysis
The results were mean ± SD of 3 parallel measurements. Analysis of variance was performed using ANOVA procedures. Significant differences between means were determined by Student's t-test, and P values < 0.05 were regarded as significant.
